
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CHLORINE CONTACT TIME STUDY 
Pequannock Water Treatment Plant 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DECEMBER 2015  
 
 
 

 
 
 



 

December 2015  1 

Pequannock WTP 

CHLORINE CONTACT TIME STUDY 

INTRODUCTION 

To determine the amount of credit a utility can receive through disinfection, the EPA introduced the concept of 
CT with the Surface Water Treatment Rule (SWTR). CT is the residual concentration of the disinfectant, C (mg/L), 
multiplied by the time, T (minutes), that the disinfectant is in contact with the water. The EPA has prepared CT 
tables that relate specific CT values to log inactivation of Giardia and viruses at different temperatures and pH. 

When determining the T value, the SWTR Guidance Manual states, "The time determined from the tracer study 
to be used for calculating CT is T10. T10 represents the time that 90 percent of the water (and microorganisms 
within the water) will be exposed to disinfection within the disinfectant contact chamber." The definition of T10 is 
the time at which the tracer concentration reaches 10 percent of the influent tracer concentration in a step-dose 
tracer test. Therefore, the probability that a water molecule (or microorganism) stays in the reactor less than T10 
is 10 percent. This value can be determined either by a tracer study or theoretically. A theoretical evaluation 
requires the use of a baffling factor (T10/T) to account for less than perfect hydraulic conditions within a given 
structure. For this evaluation, a tracer study was used to determine T10 at a specific plant flow rate. From this 
value, a baffling factor (T10/T) can be determined and applied at other plant flow rates. 

CT TRACER STUDY 
The Pequannock Water Treatment Plant (WTP) uses 
free chlorination introduced downstream of the filters 
to achieve CT credits. A tracer study was performed 
on August 19, 2015 for this disinfection zone. Lithium 
chloride was used as the tracer, as it is easy to handle, 
safe, highly soluble in water, and easy to measure in 
samples. A slug dose of tracer (2.5 kg) was introduced 
just upstream of the existing chlorine injection location. 
This location was chosen to take advantage of the weir 
immediately downstream for mixing of the tracer prior 
to the clearwells flow split. A photograph of the tracer 
application location is presented in Figure 1. Samples 
were taken at the outlet of the disinfection zone (the 
sample house), where plant staff monitors chlorine 
residual. Samples were taken at two minute intervals 
for the first two hours and at five minute intervals for 
the following two hours. The plant flow rate was held 
steady at approximately 31 mgd during the tracer test, 
and the clearwell water surface elevation was 603 ft 
MSL. Samples were analyzed at the Eurofins Eaton 
Analytical Laboratory in South Bend, Indiana. Test 
results are provided in Attachment A. 

Figure 1 Tracer Application Location, 
Funnel (Cone), and Tracer Mixing 
Prior to Introduction 
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Test results have been organized by the value of C/C0, where C is the tracer concentration in the sample water 
and C0 is the applied tracer dosage. The results have been plotted on a graph, with the values of C/C0 on the 
vertical axis and T, the detention time, on the horizontal axis. Figure 2 presents the instantaneous tracer 
concentrations during the tracer study. Figure 3 presents the cumulative tracer concentrations during the tracer 
study. The T10 value is obtained from Figure 3 at C/C0 = 0.1 by drawing a line to the horizontal axis. At a plant 
flow rate of 31 mgd and a clearwell water surface elevation of 603 ft MSL, T10 is 38.4 minutes. 

 
Figure 2 Tracer Study Curve - August 19, 2015 
 

 
Figure 3 Cumulative Tracer Study Curve - August 19, 2015 
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Ideally, a separate baffling factor for the clearwell disinfection zone and the finished water piping disinfection zone 
would be generated by tracer study sampling at each location. However, a sampling location is not available 
downstream of the clearwells at the Pequannock WTP, and values have been determined using the sampling 
location at the sample house and assuming a baffling factor of 1.0 for the finished water piping. This results in a 
calculated baffling factor of 0.2 for the clearwells. Using these baffling factors, T10 values for different plant flow 
rates and clearwell water surface elevations were determined and are presented in Table 1.  

Table 1 Summary of T10 Values (minutes)(1) 

 Plant Flow Rate 

Clearwell WSE(2) 30 mgd 40 mgd 50 mgd 60 mgd 

603 ft MSL 39 29 24 20 

605 ft MSL 41 30 24 20 

607 ft MSL 42 32 25 21 

609 ft MSL 43 33 26 22 
Note 
1. Calculated using a baffling factor of 0.2 for the clearwells and 1.0 for the finished water pipe, per Tracer Study 

results on August 19, 2015. 
2. WSE - water surface elevation 
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Time 

(Min)

Tracer 

Concentration 

(ug/L)

Tracer 

Concentration 

(mg/L)

Dimensionless, 

C/C0
(2)

Plant Flow Rate 

(mgd)

0 0 0 0 32.2

2 0 0 0 32.2

4 0 0 0 32.5

6 0 0 0 32.5

8 0 0 0 32.5

10 0 0 0 32.7

12 0 0 0 32.7

14 0 0 0 32.4

16 0 0 0 32.4

18 0 0 0 32.4

20 0 0 0 32.3

22 0 0 0 32.3

24 0 0 0 32.4

26 0 0 0 32.4

28 0 0 0 32.4

30 0 0 0 32.1

32 0 0 0 32.1

34 11 0.011 0.037 31.4

36 79 0.079 0.266 31.4

38 140 0.140 0.472 31.4

40 120 0.120 0.405 31.0

42 120 0.120 0.405 31.0

44 160 0.160 0.539 30.2

46 180 0.180 0.607 30.2

48 190 0.190 0.641 30.2

50 180 0.180 0.607 29.4

52 160 0.160 0.539 29.4

54 140 0.140 0.472 29.5

56 110 0.110 0.371 29.5

58 100 0.100 0.337 29.5

60 83 0.083 0.280 29.2

62 74 0.074 0.250 29.2

64 63 0.063 0.212 29.1

66 57 0.057 0.192 29.1

68 47 0.047 0.158 29.1

70 39 0.039 0.131 29.4

72 37 0.037 0.125 29.4

74 34 0.034 0.115 29.3

76 28 0.028 0.094 29.3

CITY OF NEWARK, NEW JERSEY

PEQUANNOCK WTP

CT TRACER STUDY RAW DATA(1)



Time 

(Min)

Tracer 

Concentration 

(ug/L)

Tracer 

Concentration 

(mg/L)

Dimensionless, 

C/C0
(2)

Plant Flow Rate 

(mgd)

CITY OF NEWARK, NEW JERSEY

PEQUANNOCK WTP

CT TRACER STUDY RAW DATA
(1)

78 66 0.066 0.223 29.3

80 25 0.025 0.084 29.2

82 23 0.023 0.078 29.2

84 20 0.020 0.067 28.9

86 18 0.018 0.061 28.9

88 16 0.016 0.054 28.9

90 14 0.014 0.047 29.3

92 14 0.014 0.047 29.3

94 13 0.013 0.044 29.9

96 14 0.014 0.047 29.9

98 13 0.013 0.044 29.9

100 11 0.011 0.037 30.2

102 8.2 0.008 0.028 30.2

104 7.3 0.007 0.025 30.8

106 7.2 0.007 0.024 30.8

108 5.9 0.006 0.020 30.8

110 6 0.006 0.020 31.2

112 6.4 0.006 0.022 31.2

114 5.2 0.005 0.018 32.1

116 4.4 0.004 0.015 32.1

118 3.8 0.004 0.013 32.1

120 3.5 0.004 0.012 31.6

125 3.1 0.003 0.010 31.6

130 2.6 0.003 0.009 31.6

135 2.6 0.003 0.009 32.2

140 3.5 0.004 0.012 32.2

145 4.6 0.005 0.016 32.2

150 4.2 0.004 0.014 31.9

155 3.6 0.004 0.012 31.9

160 2.4 0.002 0.008 31.9

165 2.4 0.002 0.008 31.9

170 2.4 0.002 0.008 32.6

175 0 0 0 32.6

180 0 0 0 32.6

Notes:

1.  Sampling performed on August 19, 2015.

2.  Theoretical tracer concentration (C0) = 0.3 mg/L

3.  All samples taken after 180 minutes were non‐detect.




